Eighty-six strains of the 10 major agglutination types of Vibrio anguillarum (serovars 01 to 010) and 6 nontypeable strains of V. anguillarum have been characterized by ribotyping with a probe complementary to 16S and 23S rRNA of Escherichia coli and by plasmid profile analysis. Forty Vibrio anguillarum is the causative agent of vibriosis, i.e., hemorrhagic septicemia among fish and shellfish (10), and from an economic point of view, it has been considered the most important fish-pathogenic bacterium in the marine environment (2). One of the most common ways to study the epidemiology and pathobiology of vibriosis has been to characterize strains of V. anguillarum isolated from diseased fish and, in some cases, to compare these isolates with those of the marine environment. In doing so, biochemical differences do not permit precise separation of strains from different sources (16, 25) . Early experimental data, however, demonstrated the presence of different agglutination types of V. anguillarum (1, 3), and serotyping has become the method of choice for strain separation.
Vibrio anguillarum is the causative agent of vibriosis, i.e., hemorrhagic septicemia among fish and shellfish (10) , and from an economic point of view, it has been considered the most important fish-pathogenic bacterium in the marine environment (2) . One of the most common ways to study the epidemiology and pathobiology of vibriosis has been to characterize strains of V. anguillarum isolated from diseased fish and, in some cases, to compare these isolates with those of the marine environment. In doing so, biochemical differences do not permit precise separation of strains from different sources (16, 25) . Early experimental data, however, demonstrated the presence of different agglutination types of V. anguillarum (1, 3) , and serotyping has become the method of choice for strain separation.
Several serotyping systems have been proposed for this bacterium. At present, the system developed by S0rensen and Larsen (28) has gained general acceptance. There are 10 major agglutination types in this system, which has been coordinated with previously published American (14, 29) and Japanese (11, 15) serotyping systems. All type strains in the serotyping system of S0rensen and Larsen (28) have been isolated from diseased fish, but there is substantial evidence that V. anguillarum serovars 01 and 02 are the main causes of vibriosis among feral fish as well as fish in aquaculture (18, 30) .
Most strains of serovar 01 seem to belong to a clonal line with specific virulence attributes. Ninety-eight percent of strains isolated from diseased fish in Denmark carry an approximately 67-kilobase-pair (kb) virulence-associated plasmid (17) , homologous to the pJM1 plasmid in strain 775 (7) . Restriction polymorphism in this plasmid has been demonstrated (24) , indicating several subtypes within the clonal line, but biochemical and in vivo pathogenicity reactions of these subtypes show very little variation (17, 31) . In contrast, no shared plasmid has been demonstrated for * Corresponding author. serovar 02 strains (17, 31) , and strains from this serovar are much more diverse in biochemical reactions and plasmid contents (17) , indicating the presence of several clonal lines. In support of this assumption, serovar 02 has been divided into two subgroups on the basis of 0-antigen agglutination (4, 27) .
The remaining serovars of V. anguillarum have been characterized only to a minor extent, and no systematic investigation has been undertaken to establish whether the agglutination types of V. anguillarum correspond to clonal lines. In the present work, the relationships between V. anguillarum strains of all 10 serovars have been analyzed by ribotyping, just as the plasmid contents of the strains have been studied. For comparison, a collection of Vibrio species other than V. anguillarum was included in the study. The main purpose was to investigate to what extent ribotypes could be used as an epidemiological marker within V. anguillarum and also to observe the variation of ribotypes within the individual serotypes. On the basis of ribotype patterns, a quantitative measure of the genetic relationships between the strains was expressed.
MATERIALS AND METHODS
Bacterial strains and culture conditions. Ninety-two strains of V. anguillarum, from the collection used by S0rensen and Larsen (28) for development of the V. anguillarum serotyping system, together with the 20 strains of Vibrio species other than V. anguillarum were used in the present investigation. The collection, arranged according to species and 0 grouping, is shown in Table 1 .
For 0 typing, the bacteria were grown for 48 h at 25°C on blood agar plates (Oxoid Blood Agar base III). For isolation of total DNA and plasmid DNA, strains were grown overnight at room temperature in Luria-Bertani broth (22) tity of each strain was performed by the slide agglutination test used for serotyping of V. anguillarum (28) . Biochemical identification. Allocation of strains to the species V. anguillarum based on biochemical properties was carried out by using the morphological and biochemical criteria chosen by S0rensen and Larsen (28) .
Ribotyping. Isolation of total DNA, restriction digestion with the enzyme HindIll (Boehringer GmbH, Mannheim, Germany), and DNA blotting and hybridization with a digoxigenin (Boehringer)-labelled DNA probe complementary to 16S and 23S rRNA of Escherichia coli (Sigma) were performed essentially as previously described (23) .
Plasmid analysis. Isolation of plasmid DNA, plasmid profiling, and digestion with the restriction enzyme BamHI were performed as previously described (24) .
Statistical analysis. The similarity between individual strains was estimated from the number of matching bands in the ribotype patterns by using the Dice coefficient (Sd) (8) 
RESULTS
The ribotypes of the type strains of the V. anguillarum serotyping system are shown in Fig. 1 Fig. 2 .
Serovar 02, as mentioned, has been subdivided into serovars 02A and 02B (4, 27 Fig. 3 , was produced. A main cluster, enclosing 83 of the 92 V. anguillarum strains tested, appeared in the dendrogram. Members of this cluster were 80% or more related to each other, as far as ribotype was concerned. The strains not included in this cluster were all the 03B strains, one NT strain isolated from Scophthalmus maximus, one 02A strain isolated from Oncorhynchus mykiss, one 05 strain isolated from Gadus morhua, and one serovar 08 strain isolated from sea bottom sediment. The biochemical and serological characteristics of these strains were tested. They were all agglutinated by the relevant antibodies but showed marked differences from the normal biochemical patterns of this species (data not shown). According to the cluster analysis, the strains of serovar 01 appeared to be most closely related to the strains of serovars 06 and 010.
As seen in Table 1 (1) 01 (1) 08 (1) 02B (1) 04, 05 (2) 04 (1) 06 (2) 08 (1) 04 (1) 09 (5) 02A (1) NT (1) 02A (4) 02B (4) 02A (1) NT (1) 03A (1) (1) 02A (1) 02B (1) 04 (1) 01 (1) 01 (1) 04 (2) 05 (2) 05 (2) 07 (4) 02B (1) 03B (1) NT (1) 05 (1) 08 (1) 02A (1) 03b (3 03B (1) 010, and the NT strains, carried plasmids, while plasmids were present in all serovar 01 strains but one. An NT strain was demonstrated to contain 98-and 67-kb plasmids. This strain had a ribotype pattern identical to that of the serovar 01 type strain. The 98-and 67-kb plasmid profile has previously been observed among Danish strains of V. anguillarum serovar 01 (17) . Restriction digestion of the plasmids in this strain was performed with BamHI, and the pattern was identical to the pattern of the previously described 98-and 67-kb plasmid profile (data not shown). In order to get an estimate of the degree of similarity on a genus level, the ribotype of V. anguillarum was compared with those of 20 strains of other Vibrio species. Each species tested exhibited its own ribotype. Four strains of Vibrio damsela and four strains of Vibrio ordalii were typed, and all strains within a species had the same ribotype. The strains of Vibrio splendidus I and II had different ribotypes, as did the strains of Vibrio pelagius I and II, supporting dividing these species into groups. The ribotypes of the 12 Vibrio species are shown in Fig. 4 . The mean Sd was 32.0, and the coefficients ranged from 8 to 64. This group was significantly (P < 0.0001) more diverse than the V. anguillarum strains described above. A cluster analysis of results (one strain from each species) is shown in Fig. 5 . According to this analysis, V. anguillarum, from its ribotype pattern, would appear not to cluster close to any of the other species but to be equally related to Vibrio vulnificus, V. diazotrophicus, V. pelagius II, V. ordalii, V. aestuarianus, and V. nereis and to be most distant from V. splendidus I, V. tubiashii, and V. damsela. Table 1 were included, and the number of strains from each serovar in each position is indicated to the left of the dendrogram.
DISCUSSION
Serotyping has played an important role in studying the epidemiology of the fish-pathogenic bacterium V. anguillarum. The assumption used, while doing so, is that strains with the same serotype have the same ancestor, and hence in most cases will carry the same virulence attributes. On the basis of biochemical and in vitro pathogenicity characteristics, this assumption is apparently true for V. anguillarum serovar 01 strains (17, 30) . Serovar 02 strains, however, which commonly cause disease among wild fish (18) , are more diverse, both with respect to biochemical reactions and plasmid contents (17, 30, 34) . This observation led us to assume that serotypes of V. anguillarum were not necessarily clonal in nature.
Ribotyping has been suggested as a rapid and labor-saving way to compare the genetic relationships between different bacteria (12 restriction enzyme, HindIII. By using ribotypes, V. anguillarum could be clearly distinguished from 20 strains of other Vibrio species typed for comparison. Ribotyping may be a useful tool in investigations of V. anguillarum infections, judging from the high number of types observed in this study.
Ribotype identity across serotypes was observed in only two cases: serovars 02A and 02B shared one ribotype, and serovars 06 and 08 shared another ribotype. The conclusions of an epidemiological study, using serotyping and including these strains, would be very different from those of an analysis of ribotype patterns. More commonly, a ribotype pattern was unique to a serovar, but only in the case of serovar 03A did all strains of a serovar have the same ribotype, showing that ribotyping is more discriminative for V. anguillarum than serotyping is and that agglutination types and ribotypes have not evolved in parallel. This is acceptable from an evolutionary point of view; a mutation giving rise to a new epitope on the side chain of the lipopolysaccharide does not have to influence the ribotype.
An important observation from an epidemiological point of view was that the ribotypes of NT strains, in 3 of 6 cases, were identical to those of strains of the known serovars. Moreover, one of the NT strains was similar to the important serovar 01, on the basis of both ribotype and the presence of a characteristic plasmid profile. Larsen et al. (18) suggest that NT strains, isolated from diseased fish, most likely are contaminants from the environment. From the present investigation, it appears that NT strains include both strains which are not accounted for by the specific antisera developed by S0rensen and Larsen (28) and strains which have lost their capability to express the relevant epitope, perhaps because of some degree of roughness. It is thus not safe to draw conclusions from the isolation of NT strains, when performing an epidemiological analysis.
The ribotype patterns were compared by using a simple Sd that is based on the presence of the same hybridizationpositive restriction fragments in the strains analyzed. This coefficient has previously been used for comparison of electrophoretic patterns of Salmonella virulence plasmid restriction fragments (26) . The serovars of V. anguillarum were not equally homogeneous in their ribotype patterns (Table 2 ). In the case of serovar 01, the high similarity between strains, previously reported by Toranzo et al. (31) and Larsen and Olsen (17) , was confirmed. Correspondingly high degrees of similarity, that is, an Sd of above 90% and no significant deviation from the mean were observed for strains of serovars 03A, 07, and 09. It is likely that all members of these serovars have evolved from a common ancestor, but it is a matter of discussion whether they are relatively young serovars and thus more homogeneous or whether selection for a specific type with specific pathogenicity factors keeps the serovars narrow and clonal in structure.
If a single isolate had been excluded from serovars 02A, 05, and 08, the average Dice coefficient for these serovars would have increased notably. These strains, together with strains of serovar 03B, clustered outside the main cluster of V. anguillarum when the ribotype patterns were compared (Fig. 3 ). These strains also had biochemical characteristics that were different from the normal characteristics of V. anguillarum, and it is likely that V. anguillarum includes strains that should not be looked upon as members of this species but rather as cross-reactors with the antisera used in the serotyping system.
Qualitative homology studies, based on patterns of bands in gels, have also been performed based on whole-cell (20, 21) and 16S (9) rRNA. On the basis of 5S rRNA sequencing (21), a new genus, Listonella, has been suggested to include V. anguillarum, V. damsela, and V. pelagius, but this suggestion is not fully supported by 16S rRNA analysis, although V. anguillarum is still considered distant from the core of the genus (9 level.
An analysis for plasmid content was also performed. Only 6 of the 76 non-O1 V. anguillarum strains carried plasmids, and one of these strains, an NT one, from all evidence put forward would appear to be a serovar 01 strain that has lost the capability to be agglutinated by the relevant antiserum.
Several reports have noted that most strains of serovar 01 carry plasmids (17, 31, 34) similar to pJM1 (7). We have suggested that serovar 01 should be considered a pathogenic organism always associated with fish and that the pJM1-like plasmid may be a key factor for the maintenance of its parasitic status (17) . Non-O1 V. anguillarum strains all carry the factors needed to cause disease (19) , and they may be looked upon as environmental bacteria, with the capability, under certain circumstances, to cause disease. In these organisms, no selection pressure seems to be on genes carried on plasmids, even though the high similarity between ribotype patterns within some of these serovars shows that selection pressure is indeed put on these strains.
In conclusion, the species V. anguillarum, from comparisons of ribotype patterns, has been shown to contain a main cluster and a few strains that did not fall within this cluster. Some serovars of this species seem to be made up of clonal lines of bacteria, while other serovars contained strains with very different ribotype patterns. Only within serovar 01 do plasmid-encoded genes seem to be important for all members of the serovar.
